INTRODUCTION
We have previously reported chemical synthesis of E.coli tRNA fMet fragments by phosphodiester methods (bases 1-4, 5-10, 4 41-46, 5 47-54, 5 55-57, 5 58-60, 6 61-65, 7 66-71, 7 72-74, 8 75-77, 8 9 10 1 ' or a phosphotriester method (bases 11-20, 72-77, and its analogs.
The phosphotriester approach using 2'-0-(o-nitrobenzylnucleoside)3'-phosphorodianilidates was also employed in the synthesis of a eukaryotic initiator tRNA loop IV heptanucle-12 otide.
In the present paper we report a synthesis of 5 1 - pentanucleotides from E.coli tRNA fMet , C-G-C-G-Gp (bases 1-5), U-G-C-G-Gp (base 1 transition analog), pG-G-C-G-Gp (base 1 transversion analog) and pG-G-s 4 U-G-Gp (bases 6-10) using 2'-0-(onitrobenzyl nucleoside)-3 1 -p-chlorophenylphosphoranilidates. '
Protected pGp was prepared for insertion of the S'-phosphomonoester in the synthesis of the pentanucleotide, pG-G-C-G-Gp Lnir 15
and the pentanucleotide was converted to the s U containing oligonucleotide by treatment with liquid hydrogen sulfide.' Synthesis of C-G-C-G-Gp (10) and U-G-C-G-Gp (11) For the synthesis of pentanucleotides (J5,9_) , a common intermediate tetranucleotide (5) was prepared by condensation of two dinucleotides P/i.) using TPS nitroimidazolide (TPSNI) as shown in Fig. 2 . The reaction conditions for synthesis of protected oligonucleotides are summarized in Table I . Protected GpCp (3) and GpGp (4) were obtained by condensation of mononucleotides as described previously.
The tetranucleotide (5) was condensed with two equivalents of (6) using TPSNI to give protected C-G-C-G-Gp (8) . The product was isolated by chromatography on silica gel. Protected U-G-C-G-Gp (9) was obtained similarly in a yield of 60%. These protected pentanucleotides were deblocked by successive treatments with isoamylnitrite, concentrated ammonia, 80% acetic acid and UV irradiation. The completely deblocked pentanucleotides (1^,1^1) were purified by ion-exchange chromatography on DEAE-cellulose in the presence of 7 M urea. The overall yield of J^ from £ after all deblocking treatments and chromatography was 28%. The product was characterized by digestion with RNase M to yield Gp and Cp in the correct ratio. The sequence of 10_(C-G-C-C-Gp) was confirmed by two dimensional homochromatography after partial digestion of the 5'-phosphorylated pentanucleotide (Fig. 3) . The other pentanucleotide 1A was isolated in a yield of 48% from 9_ and characterized by similar methods. Preparation of protected pGp (16) and synthesis of pG-G-C-G-Gp (18) and pG-G-s U-G-Gp (19) using the tetranucleotide intermediate (5) We have previously introduced the 5'-phosphomonoester to a protected hexanucleotide by using dianilidophosphorochloridate. However, guanosine containing oligonucleotides were also phosphorylated at guanine residues when the 5'-hydroxyl group of an oligoraer was phosphorylated with dianilidophosphorochloridateFurthermore, an acid treatment was then necessary. Yields in phosphorylations of larger molecules are generally rather low. As an alternative approach we prepared suitably protected pGp The mononucleotide (_16) was then condensed with the tetranucleotide block {5) to yield the protected pentanucleotide (17) using TPSN1 as the activating reagent in a yield of 25%. 17 was purified by silica gel chramatography but it was contaminated with the starting material (j>). The deblocked pentanucleotide (18) Table II . TLC was performed on plates of silica gel (Kieselgel HF 254 ,MercW using a mixture of chloroform and methanol. For columns silica gel G (Merck, type 60) was used. Removal of the 5'-O-monomethoxytrityl, 2'-0-(o-nitrobenzyl), phosphoroanilidate and other general methods were as described previously. Enzymatic hydrolyses were also described in Ref. 15 . Synthesis of 3.
The triethylammonium salts of 1 (2.69 mraol) and 2_ (1.94 mmol) were condensed with MST (2.03 g, 8.08 mmol) as described previously and the fully protected dimer was isolated by chroraatography on silica gel (220 g) using 50:1 chloroform-methanol in a yield of 71% (2.32 g, 1.38 mmol). UV: (95% EtOH) \ max 262 (£=52900), Amin 243 nm (£=38100). The fully protected dimer (2.32 g, 1.38 mmol) was dissolved in 1:1 pyridine-acetic acid (30 ml) and treated with isoamyl nitrite (6 ml) at 25-30°1 overnight. An additional (2 ml) isoamyl nitrite in 1:1 pyridineacetic acid (10 ml) was added to complete the reaction. After one day trityl positive material was only detected at the origin in TLC and the reaction mixture was treated with 0.1 M triethylararaonium bicarbonate (pH 7.5, 60 ml) with cooling. The nucleotide was extracted with chloroform (30 ml) 3 portions, washed with water (30 ml) 3 portions, concentrated and precipitated with 1:1 ether-n-pentane (240 ml) from its solution in chloroform (20 ml). The yield was 99% (2.31 g, 71500 A 2gl 5# 1.36 mmol).
The tetranucleotide (5).
The triethylammonium salts of (_3) (1.40 g, 43300 A 261 5 , 0.83 mmol) and (4_) (765 mg, 0.55 mmol) were coevaporated with pyridine. The mixture was treated with TPSNI (630 mg, 1.66 mmol) at 25-30° for 1.5 days and checked by TLC (10:1). A new trityl positive spot (0.24) was detected and the starting material (4_) disappeared. Water (5 ml) was added with cooling and the mixture was mixed with 0.1 M triethylammonium bicarbonate (pH 7.5) (40 ml). The nucleotide was extracted with chloroform (20 ml) 3 portions, washed with water (15 ml) 3 portions, coevaporated with pyridine, then with toluene. The residue was dissolved in chloroform (6 ml) and applied to a column of silica gel (90 g). The product was eluted with 35:1 chloroformmethanol and treated with 80% acetic acid (100 ml) at room temperature for 5 hr. The demonomethoxytritylation was confirmed by TLC (10:1) and the volatile materials were removed by evaporation. The residue was coevaporated with toluene, then with pyridine and precipitated with n-pentane (100 ml) from its solution in chloroform (6 ml). The yield was 72% (1074 mg, 0.398 mmol). An aliquot of the fully protected tetramer was deblocked by successive treatments with isoamyl nitrite, concentrated ammonia and 80% acetic acid. The o-nitrobenzylated tetranucleotide was isolated by paper electrophoresis. The o-nitrobenzyl groups were removed by irradiation with UV and the deblocked tetranucleotide was isolated by paper chromatography in solvent B. The base ratio was obtained by digestion of G-C-G-Gp with RNase M and measuring UV absorption in 0.01N HC1 (1 ml): Gp, 0.537 A 256 ; Cp, 0.203 A 28£) ; Gp:Cp=2. 82 : (13) 12 (1.49 g, 1.96 mmol) was treated with acetic anhydride (10 ml) in pyridine (20 ml) at 0° overnight and checked by TLC (15:1). A shift of Rf from 0.31 to 0.43 was observed. Water (20 ml) was added with cooling and the nucleotide was extracted with chloroform (20 ml) 3 portions. The organic layer was washed with water (20 ml) 3 portions, concentrated with toluene, dissolved in chloroform (6 ml) and treated with 80% acetic acid at 25-33° for 6 hr. Demonomethoxytritylation was confirmed by TLC (15:1) and the product was precipitated with n-pentane (200 ml) from its solution in chloroform (10 ml) after successive evaporations with toluene and pyridine. The yield was 94% (979 rag, 1.84 mmol). Anal. Calcd. for 08 " ^ a li < J uot was treated with 80% acetic acid for 3 hr to remove phosphorodianilidate from the base after which the starting material (Rf 0.36) was not detected. The reaction mixture was added to 5% potassium acetate (15 ml) with cooling and stirred at room temperature for 1 hr. The product (14) was extracted with chloroform (10 ml) 3 portions, washed with water (10 ml) 3 portions, concentrated with pyridine and with toluene. Some insoluble crystalline material in chloroform was removed by filtration and the chloroform solution was concentrated. The residue was treated with 80% acetic acid (80 ml) at 25-33° for 2 days until A 232 , 26Q 5 =1.48 and A 26Q 5 . 27 4=1.27 were observed. Volatile materials were removed and 1<> was coevaporated with toluene. Deacetylation of 16^ was performed by treatment with 2N NaOH (8 ml) in pyridine (2 ml) and 95% ethanol (6 ml) at 0° for 10 min. Dowex 50X2 (pyridinium form) (35 ml) was added at 0° and the mixture was pourred onto a column filledwith the same resin (10 ml). The effluent and washings (150 ml, 50% pyridine) were concentrated, coevaporated with pyridine, with toluene, dissolved in chloroform (5 ml) and applied to a column of silicagel (60 g). Elution was performed with 20:1 chlorofonn-methanol and 1J7 was precipitated with n-pentane (120 ml) from its solution in chloroform (7 ml 15 (575 mg, 0.80 mmol) and p-chlorophenyl phosphate (500 mg, 2.4 ramol) were rendered anhydrous by evaporation of pyridine 3 times. The mixture was treated with DCC (1.19 g, 5.8 mmol) at 25-33° for 2 days. After the Rf has shifted from 0.2 8 to 0 in TLC (10:1), 50% pyridine (10 ml) and n-hexane (40 ml) were added to the mixture with cooling. The mixture was kept at room temperature overnight, decanted and the aqueous phase was filtered to remove dicyclohexylurea, DCC was removed with n-hexane (30 ml).
The nucleotide (]J[) was extracted with chloroform (15 ml) TPSNl (114 mg, 0.3 mmol) at 25-33° for 36 hr. TLC (10:1) showed a spot (0-29) which was identical to 5_. An aliquot was treated with isoamyl nitrite and with cone, ammonia. Paper chromatography at this stage showed two spots, RQ_ 0.85 (o-nitrobenzylated tetramer) and 0.16. TPSNI (19 mg, 0.05 ramol) was added and the reaction was stopped after 24 hr by addition of water (2 ml) with cooling. Chloroform (20 ml) and 0.1M triethylammonium bicarbonate (pH 7.5, 40 ml) were added to the mixture. The oligonucleotides were extracted further from the aqueous layer with chloroform (15 ml) 2 portions, washed with water (15 ml), concentrated with pyridine, coevaporated with toluene and the residue in 2 ml of chloroform was applied to a column of silica gel (20 g). The product (1^) was eluted with 25:1 chlorofonnmethanol, precipitated with n-pentane (25 ml) from its solution in chloroform (3 ml). The yield of XB_ was 243 mg, 0.025 mmol (25 %), corrected for contaminating starting material (lj>, 6 3%). An aliquot of the product {IJ_, 108 mg) was dissolved in 1:1 pyridine-acetic acid (15 ml) and treated with isoamyl nitrite (3.6 ml) at room temperature for 1 day. n-Butanol (10 ml) and 0.1 M triethylamroonium bicarbonate (pH 7.5)(20 ml) were added with cooling. The product was further extracted from the aqueous phase with n-butanol (10 ml) 2 portions. The organic layer was concentrated and the residue was dissolved in pyridine (4 ml).
The solution was treated with 28% aqueous ammonia (50 ml) at 50°f or 5 hr, concentrated and the residue was dissolved in water (60 ml). The aqueous solution was washed with ether (20 ml) 3 portions and one half of the solution was concentrated. The residue was dissolved in water (210 ml) , irradiated with UV,-concentrated to a half volume, washed with ether (25 ml) 3 portions, concentrated and the residue was dissolved in 7M urea-20 mM Tris-HCl (pH 8.0)(30 ml). The solution was applied to a column (1.0x111 cm) of DEAE-cellulose (Cl ) equilibrated with the same solution and elution was performed with a linear gradient of sodium chloride (0.2-0.5H, total 1.2L) at 50". Three ml fractions were collected every 17 min. Fractions (133-150) were combined and desalted by absorption to DEAE-cellulose (HCO^ ).
The yield was 67% (184 A 252 > assuming a 10% hypochromicity. The tetranucleotide G-C-G-Gp (260 A-,) was recovered from frac-
